In the paper, we present a detailed discussion on the Ξcc production at a fixed target experiment at the LHC (After@LHC). The doubly charmed baryon Ξcc is produced via the channel, Proton + Proton → Ξcc + X. In estimating its hadroproduction, we discuss three dominant subprocesses, e.g. g + g → Ξcc +c +c, g + c → Ξcc +c and c + c → Ξcc + g. During the production, it shall first generate a binding diquark and then form the Ξcc baryon by grabbing soft light-quarks or gluons. We observe that both the two diquark configurations (cc)[ 3 S1]3 and (cc)[ 1 S0]6 can have sizable contributions to the Ξcc production. Large number of Ξcc events can be generated at the After@LHC, whose total production cross section is larger than that of the SELEX experiment by about thirty-five times. It may also possible to study the properties of Ξ bc at the After@LHC. More specifically, we shall have about 8.3 × 10 6 Ξcc events/year and 1.8 × 10 4 Ξ bc events/year when its integrated luminosity approaches to 2 fb −1 /year. Thus, in addition to SELEX and LHC, the After@LHC shall provide another useful platform for studying the baryon properties.
I. INTRODUCTION
Since its discovery by the SELEX collaboration [1, 2] , the doubly charmed baryon Ξ + cc has attracted more and more attentions. A recent experimental research for Ξ cc has been done by the LHCb collaboration at the LHC [3] . The SELEX measurements indicate that there are large discrepancies between the theoretical prediction and the experimental observation. Its measured decay widths and production rates are much larger than the theoretical predictions. Lots of theoretical works have been tried to resolve such discrepancy [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Especially, a generator GENXICC has been programmed to simulate the production of the doubly heavy baryons at the hadronic colliders as Tevatron and LHC [14] [15] [16] . By using GENX-ICC, it has been stated that Ξ cc should be visible if an integrated luminosity 5 fb −1 has been collected at the LHC [17] . However, due to the present limited experimental measurements, the puzzle is still there.
On the one hand, we need to improve our present theoretical estimations by studying all possible quark configurations for constructing the baryon and by taking more production or decay channels into consideration. On the other hand, in addition to SELEX, it is helpful to find some other platforms which can generate large number of baryons so as to study their properties with higher precision. For example, the possibilities for studying the doubly heavy baryons at a high luminosity e + e − collider or a photon-photon collider have been suggested in Refs. [18] [19] [20] [21] [22] . A high luminosity e + e − collider or a photon-photon collider has some advantages for measuring the baryon events, such as the cleanness of the physical background and etc.. Thus, if sizable baryon events can be produced * email:wuxg@cqu.edu.cn at such colliders, they shall provide a good platform for testing the QCD factorization theory.
For the baryon production at the hadronic platforms, the baryons can be produced through scattering, annihilating, or fusing of two initial partons inside the incident hadrons. In comparison to the e + e − collider, the hadronic production are complicated due to the entanglement of the perturbative kernel with the nonperturbative parton distribution functions (PDFs). But, inversely, if we have known more accurate baryon properties in comparison with the experimental data, we can learn more details on the properties of hadron structures. So, to study the baryon productions at the hadronic colliders are also helpful and interesting.
Recently, similar to the SELEX experiment done at the Tevatron, another fixed target experiment at the LHC (After@LHC) has been suggested [23] [24] [25] [26] . With the incident proton beam energy raises up to 7 TeV at the LHC, the After@LHC shall run with the centerof-mass energy around 115 GeV. With a much higher luminosity and higher collision energy, the After@LHC shall become a much better fixed-target experiment for studying the properties of the doubly heavy baryons. In the present paper, we shall present a detailed investigation on the Ξ cc production at the After@LHC by taking both the gluon-gluon fusion mechanism via the subprocess g + g → Ξ cc +c +c and the the extrinsic charm mechanism via the subprocesses g + c → Ξ cc +c and c + c → Ξ cc + g into consideration. As a by product, we shall also estimate the production properties for the Ξ bc and Ξ bb baryons.
The remaining parts of the paper are organized as follows. In Sec.II, we explain our calculation technology for dealing with the Ξ cc production. In Sec.III, we present our numerical results for the doubly heavy baryons Ξ cc , Ξ bc and Ξ bb . Sec.IV is reserved for a summary. 
II. HADRONIC PRODUCTION OF Ξcc
Theoretically, the production of the doubly heavy baryons, such as Ξ cc , Ξ bc , and Ξ bb , can be treated within the framework of nonrelativistic QCD (NRQCD) [27] .
It is usually assumed that the doubly heavy baryon can be formed via a step-by-step way. The first step is to produce two free heavy-quark pairs QQ and Q ′Q′ , where Q or Q ′ stands for b or c quark, respectively. The gluon between those two heavy-quark pairs should be hard enough to generate either a QQ-pair or a Q ′Q′ -pair, so this step is calculable by applying pQCD. The second step is to make those two heavy quarks Q and Q ′ into a bounding diquark (QQ ′ ) with the [
) spin state and the3 (or 6) color state, respectively. Then, the diquark will be hadronized into a Ξ QQ ′ baryon, whose probability is described by the non-perturbative NRQCD matrix element h 1 or h 3 . Here, h 1 represents the probability for a (QQ
to transform into the baryon. Qualitatively, the values of h 1 and h 3 are at the same order [20] , so we shall take h 1 = h 3 to do our following discussion. For Ξ bc , there are other two diquark states, (bc) 6 
, we shall also take their matrix elements as |Ψ bc (0)| 2 . Strictly, during the fragmentation of a diquark into a baryon, the diquark may dissociate, which will decrease the baryon production cross section to a certain degree. It has been observed that the fragmentation function D(z) of a heavy diquark into a baryon peaks around z ≈ 1 [7] . By taking a simple form for the fragmentation function D(z), Refs. [8, 10] indicate that such disassociation effect is small. Thus, at present, we have implicitly assumed that the fragmentation of a diquark into the baryon shall occur with unit probability, and consequently, to study the hadronic production of Ξ cc is equivalent to study the hadronic production of (cc)-diquark. A detailed discussion on such disassociation effect is in preparation. Our present estimations can be treated as a (somewhat good) upper limit for the total baryon cross sections.
There are two typical mechanisms for the production of baryons, i.e. the gluon-gluon fusion mechanism via the subprocess g + g → Ξ cc +c +c and the the extrinsic charm mechanism via the subprocesses g + c → Ξ cc +c and c + c → Ξ cc + g. The subprocesses for the production of doubly heavy baryon through different mechanisms are shown in Figs. 1, 2, and 3, respectively. By simultaneously taking the gluon-gluon fusion and extrinsic charm mechanisms into consideration, one will meet the double counting problem [28, 29] , which can be treated within the general-mass with variable-flavornumber scheme [30] [31] [32] .
The hadronic production conditions for the Ξ bc and Ξ bb baryons are similar to the Ξ cc case, so we shall also take a look at their production properties. For Ξ bc and Ξ bb production, we merely focus on the gluon-gluon fusion mechanism, since the extrinsic mechanisms of them shall provide comparatively small contributions. 
We shall take all those configurations into consideration, since all of them may provide sizable contributions.
III. NUMERICAL RESULTS AND DISCUSSIONS
We adopt GENXICC program [14] [15] [16] with slight changes to do our calculation. As for the input parameters, we take [6] :
, and |Ψ bb (0)| 2 = 0.152 GeV 3 . As for the baryon masses, we take M Ξcc = 3.50 GeV with m c = M Ξcc /2, M Ξ bc = 6.9 GeV with m c = 1.8 GeV and m b = 5.1 GeV, M Ξ bb = 10.2 GeV with m b = M Ξ bb /2, respectively. We choose the CTEQ with the version CT10 [33] for the PDF of the gluon or the quarks. We put the numerical results for the baryon production in Tables I, II, and III, in which We present the baryon transverse momentum (p t )-distributions at the After@LHC in Fig.(4) and the baryon rapidity (y)-distributions at the After@LHC in Fig.(5) . There are several production channels for the Ξ cc production, i.e., g + g, g + c, and c + c, all of which shall have sizable contributions. When summing up the contributions from different (cc)-diquark configurations, one obtains the relative importance among different production channels, σ g+g : σ g+c : σ c+c ≃ 6.1 × 10 2 : 3.4 × 10 3 : 1. The contribution from (cc)[ 3 S 1 ]3 dominates over that of (cc)[ 1 S 0 ] 6 by about five times for the g + g channel, nine times for the g + c channel, and twenty-five times for the c + c channel, respectively. Similar to the case of SELEX [11] , the small p t behavior of the extrinsic charm mechanism becomes very important at the After@LHC. This also indicates the importance of such kind of fixed target experiments, in which it can reach quite small p t region and know more detail on hadron structures. Fig.(4) indicates that the baryon cross sections depend heavily on the baryon p t . Total cross sections shall first increase with the increment of p t in small p t region and then drop down logarithmically in large p t region. Experimentally, it is also possible to apply more p t cuts to the production channels. To show how the baryon production depends on p t , we put the Ξ cc cross sections for various production channels and various p t cuts in Table  IV. Table IV shows: for g + g channel, σ gg | pt>0.2GeV : σ gg | pt>2GeV : σ gg | pt>4GeV : σ gg | pt>6GeV = 106 : 45 : 7 : 1; for g + c channel, σ gc | pt>0.2GeV : σ gc | pt>2GeV : σ gc | pt>4GeV : σ gc | pt>6GeV = 836 : 195 : 12 : 1.
Moreover, by taking the Ξ cc production via the gluongluon fusion as an explicit example, we present the rapidity distributions under various p t cuts in Fig.(6) 
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The Ξcc, Ξ bc , and Ξ bb pt-distributions for various intermediate diquark states at the After@LHC, in which no rapidity cut has been applied.
At the After@LHC, similar to the case of SELEX [11] , the small p t behavior for the extrinsic charm mechanism becomes very important. Thus, the extrinsic charm mechanism should be taken into consideration for a sound estimation. As a comparison, we draw the Ξ cc p t distributions for both the SELEX and the After@LHC experiments in Fig.(7) , where all production channels have been summed up. In small p t region, the Ξ cc p t distribution at the After@LHC is larger than that of SELEX by about an order of magnitude. In large p t region, the Ξ cc p t distributions at both the After@LHC and the SELEX drop down logarithmically. Moreover, the Ξ cc p t distribution drops down more slowly at the After@LHC. This is due to a larger collision energy at the After@LHC: I) A larger collision energy means more small x events, or y dσ/dy (pb) equivalently more small p t events, can be generated at the After@LHC; II) It is noted that the PDFs for the incident partons drop down logarithmically with the increment of the parton fraction x, as can be explicitly shown by CT10 [33] . Thus, more small x events leads to more larger cross sections. It is noted that the extrinsic charm mechanism via the channels g + c → Ξ cc +c and c + c → Ξ cc + g provide dominant contribution to small p t events. To estimate the extrinsic charm mechanism for Ξ cc production, we define a ratio,
where σ tot stands for the total cross section for all the concerned mechanisms in the Ξ cc production, and 
] is the total cross section for the channel gg → Ξ cc (cc)3[ 3 S 1 ] +c +c only. At the SELEX, the ratio R ≃ 29 [11] , which changes to ≃ 8 at the After@LHC. Thus, the After@LHC is also possible to test the charmonium components in hadron.
There are some minor points for the present analysis:
• In the above estimations, we have fixed the renormalization scale µ R to be the baryon's mass M Ξ QQ ′ . For the present leading-order pQCD calculation, the scale uncertainty is large, e.g., for the Ξ cc production via the g + c channel, the scale uncertainty is ±22% for µ R ∈ [M Ξcc , separately from their decay products.
• As has been estimated, there are two dominant Ξ 
IV. SUMMARY
We have presented a detailed discussion on the doubly heavy baryon production at the suggested fixed target experiment After@LHC. For a fixed target experiment, more smaller p t events can be measured in comparison to the hadronic experiments as LHC and Tevatron. Since the baryon p t distributions drops down logarithmically in large p t region, this indicates that more baryon events can be produced at the After@LHC. If the integrated luminosity at the After@LHC reaches up to 2 fb −1 per year, sizable Ξ cc and Ξ bc events can be generated, i.e., about 8.3 × 10 6 /year Ξ cc and 1.8 × 10 4 /year Ξ bc maybe observed for a small p t cut, p t > 0.2 GeV. If its luminosity can be improved further, we shall have much more baryon events available. Moreover, because of a larger collision energy than that of SELEX, more small x events and more small p t events can be generated at the After@LHC. Thus, the After@LHC experiment shall provide a good platform to study the baryon properties and may greatly help to clarify the present SELEX puzzle.
